Introduction
Colorectal cancer (CRC), as common malignancy, is one of the most common causes of death around the world. Besides conventional therapies of CRC, traditional Chinese medicines play a potentially role in CRC treatment. 1, 2 Flavonoids are the main active ingredients of many Chinese herbal medicines. Many studies have shown that flavonoids can inhibit the growth of tumor cells with low cytotoxicity to normal cells. 3, 4 For example, procyanidin B1 acetylated analogs can inhibit the proliferation of HeLa cell line. 5 Rutin decreases cellular viability and proliferation and increases cell differentiation and apoptosis of CRC. Rutin also regulates cell adherence and chemoresistance in leukemic cells. 6 Quercetin displays a stronger cytotoxicity on HepG2 cells. 7 Quercitrin shows antiapoptotic and antiproliferative effects in in lung cancer cells by modulating the immune response. 8 Another flavonoid, isoquercitrin, submit your manuscript | www.dovepress.com
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Wu et al inhibits CRC cells growth by targeting the Wnt/β-catenin pathway. 9 Tetrastigma hemsleyani, which is mainly distributed in southwest China, is an endangered precious traditional Chinese medicinal herb. The herb is widely used for pneumonia, hepatitis, scrofula, infantile febrile convulsion, menstrual disorders, asthma, and rheumatism. 10 Primary medicinal parts of T. hemsleyani, its roots, are rich in flavonoids. 11, 12 Radix T. hemsleyani flavone (RTHF), which is considered to be an important effective component of the herb, has been demonstrated to have anti-inflammatory, analgesic, antipyretic, hepatoprotective, antiviral, and immunomodulatory activities. 13, 14 In this investigation, we treated CRC cells with different dosages of RTHF in vitro and evaluated whether RTHF could suppress CRC growth in mice. Additionally, we also investigated potential molecular mechanisms underlying the therapeutic effects of RTHF against CRC.
Materials and methods reagents and cell culture
RTHF was obtained from Jiangsu Zelang Medical Technology Company Limited. HT29 and SW620 cells lines were purchased from Shanghai Cell Collection. All cells were cultured in DMEM (Thermo Fisher Scientific, Waltham, MA, USA). The medium was supplemented with 10% fetal bovine serum and 1% penicillin and streptomycin (Thermo Fisher Scientific). Cells were incubated in an atmosphere of humidified 5% CO 2 and at 37°C. RTHF was dissolved in dimethyl sulfoxide (Sigma-Aldrich Co., St Louis, MO, USA). The percentage of dimethyl sulfoxide was ,0.1% in the medium. When cells were cultured with RTHF, the medium was changed every 48 hours.
cell counting Kit-8 assay HT29 and SW620 cells were seeded in 96-well plates at a density of 5×10 3 cells/well and treated with different concentration of RTHF (0, 1.6, 3.2, and 6.4 mg/mL, respectively). [14] [15] [16] Following incubation for 0, 24, 48, and 72 hours, 10 µL Cell Counting Kit-8 solution (Beyotime, Shanghai, China) was added to each well and plates were incubated at 37°C for 1 hour. Then, absorbance at 450 nm was recorded using a microplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA). Cell viability was calculated as the average of three duplicate wells.
colony formation assay
Cells were seeded in six-well plates at a density of 3×10 2 cells/ well and treated with RTHF for 12 days at 37°C. For each concentration of RTHF, three duplicate wells were prepared. Cells were fixed with 4% paraformaldehyde for 15 minutes and stained with crystal violet for 10 minutes. Plates were imaged using a light microscope (Olympus Corporation, Tokyo, Japan). Cluster containing .50 cells was treated as a clone.
Flow cytometry
Cells (1×10 6 cells/well) were harvested and fixed with 70% ethanol at 4°C for 1 hour. Then, the cells were centrifuged (100×g, 5 minutes), resuspended, and incubated with RNaseA (1 mg/mL) at 37°C for 30 minutes, followed by staining with propidium iodide (0.04 mg/mL) at 4°C for another 30 minutes. BD FACS Flow Cytometry Calibur (BD Biosciences, San Jose, CA, USA) was used to analyze DNA content of cell suspension. Experiments were performed in triplicate.
cell wound scratch assay Cells were seeded in 24-well plates at a density of 5×10 5 cells/ well. After 24 hours of incubation, a tip of plastic micropipette was used to scratch straight lines in the cell monolayer of HT29 and SW620 cells. Then, wells were flushed three times with PBS and cultured in a medium containing RTHF for another 48 hours. Experiments were performed in triplicate and images were acquired using a microscope.
Transwell invasion experiments
Cells (1×10 4 cells/well) were seeded and cultured with serum-starved medium which contained RTHF in the upper well of Matrigel-coated chambers (BD Biosciences), while the medium containing 10% fetal bovine serum and RTHF was added to the bottom well of chambers. After 24 hours, cells which did not migrate were removed from the upper face of filters by cotton swabs. Migrated cells were fixed with 4% paraformaldehyde and stained by crystal violet solution. The number of invading cells was counted as an average of three duplicate wells and photographed using a light microscope.
Immunofluorescence
Paraformaldehyde-fixed SW620 and HT29 cells were blocked by goat serum and incubated with diluted antibodies against E-cadherin 
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Western blot
Total protein was extracted from cells treated with RTHF for 48 hours using 99% Radio immunoprecipitation assay (RIPA)+1%Phenylmethanesulfonyl fluoride (PMSF) (Beyotime). For nuclear protein extraction, EpiQuik Nuclear Extraction Kit (EpiGentek, Farmingdale, NY, USA) was used. Cell lysates (50 µg) were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (Bio-Rad). Membranes were blocked in 5% bovine serum albumin (Sigma-Aldrich) in TBS containing 0.05% Tween-20 (TBST) for 2 hours and incubated with primary antibodies (active β-catenin 
Quantitative reverse transcriptionpolymerase chain reaction analysis (qRT-PCR)
Total RNA was extracted from cells using TRIzol reagent (Thermo Fisher Scientific) and reverse transcribed into cDNA using PrimeScript™ RT kit (Takara, Kusatsu, Japan). SYBR premix Ex Taq™ Green II (Takara) was used on a real-time PCR system (Bio-Rad) to determine the relative levels of target gene mRNA transcripts. Each experiment was performed three times to ensure experimental accuracy. Primers used for qRT-PCR were as follows: Lgr5: forward sequence (FS): CCTGCTTGACTTTGAGGAAGACC, reverse sequence (RS): CCAGCCATCAAGCAGGTGTTCA; Cyclin D1: FS: CTACACCGACAACTCCATCCG, RS: TCTGGCATTTT GGAGAGGAAGTG; c-Myc: FS: CCTGGTGCTCCAT GAGGAGAC, RS: CAGACTCTGACCTTTTGCCAGG. Relative mRNA levels of target gene were calculated with respect to the control gene β-actin and expressed in terms of fold change. animals C57BL/6 mice at ~4-6 weeks and weighing 23-25 g were housed in pathogen-free plastic cages with a daylight cycle of 12 hours every day at 21°C-23°C. Mice were fed a standard laboratory rodent chow diet (Nanjing Huaxin Biological Technology Co. Ltd, Nanjing City, China) and had free access to water. Animals were purchased from the Department of Comparative Medicine in Jinling Hospital. The protocols of animal studies were approved by Jinling Hospital Animal Care Committee. All mice received humane care in accordance with the National Institutes of Health animal use guidelines.
crc model
Forty male C57BL/6 mice were randomly divided into five groups, including blank control (Ctr) group, tumor model (Mod) group, vehicle control (Veh) group, low concentration treatment (Low) group, and high concentration treatment (Hig) group. Each group of mice, except for Ctrl group, was given an intraperitoneal injection of azoxymethane (AOM; Sigma-Aldrich) at a dose of 10 mg/kg body weight. The day after injection, mice received 2% dextran sulfate sodium (DSS; Sigma-Aldrich) solution as drinking water for 5 days, following which they were given distilled water for 14 days. After five cycles of DSS treatment, mice were given a standard diet and distilled water for an additional 19 days. 17, 18 RTHF was suspended in 0.5% sodium carboxymethyl cellulose. After the first day of the second DSS cycle, mice of Low group and Hig group were given RTHF (30 and 60 mg/kg, respectively) by gavage until the end of experiment. Dosage of RTHF was calculated depending on traditional prescriptions which contained the raw herb and other studies. 13, 14 In parallel, the Veh group was given the same volume of 0.5% carboxymethyl cellulose. All mice were euthanized. Colons were excised, flushed with ice-cold PBS, and fixed in 4% paraformaldehyde overnight.
histological analysis
Colorectal sections were stained with H&E. For immunohistochemistry, paraffin-embedded colorectal tissue sections were autoclaved for 2 minutes in citrate buffer to promote antigen retrieval. After blocking in 5% bovine serum albumin, sections were incubated with primary antibodies against Lgr5 (1:100, Abcam) and Cyclin D1 (1:100, Abcam) at 4°C for overnight. Sections were then incubated with secondary antibodies for 30 minutes at 37°C, visualized with Diaminobenzidine (DAB) (Dako Denmark A/S, Glostrup, Denmark), and then counterstained with hematoxylin and observed under a light microscope using Olympus Camedia Software. Two pathologists analyzed the expressions of Lgr5 and Cyclin D1 in a blinded manner. For quantification of the 
statistical analysis
The outcomes were expressed as mean±SD or percentage. Statistical significance was determined with independent sample t-test and one-way analysis of variance. P,0.05 was considered as a significant difference. Graph generation and statistical analyses were performed with SPSS 19.0 software (IBM Corporation, Armonk, NY, USA).
Results
rThF suppresses crc cells proliferation
Human CRC cell lines SW620 and HT29 were incubated in RTHF for 0, 24, 48, and 72 hours. Results showed that RTHF inhibited cell proliferation in a dose-dependent manner ( Figure 1A) . Additionally, plate clone formation assay was used to analyze the colony formation of RTHF-treated SW620 and HT29 cells ( Figure 1B ). When cultured with 1.6 mg/mL RTHF, the number of clones was significantly suppressed. With higher concentration of RTHF, no cell clone was formed. These results suggest that RTHF inhibits tumor cells proliferation in a dosage-dependent manner in vitro.
rThF induces cell cycle arrest at g0/g1 phases To examine the impact of RTHF on cell cycle, flow cytometry was used to analyze the cell cycle of SW620 and HT29 cells ( Figure 1C ). With increased RTHF concentration, G0+G1 proportions of SW620 and HT29 cells were (39.1%, 48.4%, 81.3%, and 84.6%) and (42.7%, 50.3%, 62.6%, and 80.1%), respectively. G0+G1 proportions were significantly increased, suggesting that tumor cells were trapped in G0/G1 phase in a dose-dependent manner.
RTHF inhibits migration and invasion of crc cells
Cell wound scratch assay was used to determine the rate of cell migration. When cells were cultured with 1.6 mg/mL RTHF as indicated, the motility of tumor cells was decreased (Figure 2A) . Besides, tumor cell invasion was evaluated by Transwell invasion experiments. Compared with control groups, the number of invading cells was reduced significantly by RTHF treatment ( Figure 2B ).
rThF induces mesenchymal-epithelial transition of crc cells
Furthermore, expressions of epithelial-mesenchymal transition (EMT) process associated protein, E-cadherin and vimentin, were detected by Western blot ( Figure 2C ). E-cadherin was increased in the presence of RTHF, while vimentin expression was significantly decreased. Again, immunofluorescence also demonstrated the upregulation of E-cadherin and downregulation of vimentin expression ( Figure 2D ), indicating that RTHF may suppress EMT in vitro.
RTHF inhibits Wnt/β-catenin pathway activity in crc cells
Western blot showed that β-catenin level was significantly reduced in RTHF-treated group. RTHF also inhibited Lgr5, c-Myc, and Cyclin D1 expression in a dose-dependent manner ( Figure 3A and B) . Results of Western blot were further confirmed by qRT-PCR ( Figure 3C and D). All these results suggest that RTHF downregulates Wnt/β-catenin pathway activation.
RTHF inhibits tumor formation in an inflammation-driven spontaneous CRC model in c57Bl/6 mice
Next we wanted to know if RTHF can prevent AOM/DSSinduced CRC in mice. Mice in Mod group and Veh group showed significant weight loss, extensive adenomatous polyps, and tumor growth, which were mitigated in Low group and Hig group. No adenomatous polyps and tumor were observed in Ctr group ( Figure 4A and B) . Furthermore, we found that the average number of tumors, maximum tumor diameter, and total tumor volume were significantly greater in Mod and Veh groups compared with Hig group and to a lesser extent in Low group (Figure 4C-E) .
Tumors from Mod group and Veh group were highly dysplastic with glandular architectural distortion, cauliflower-like surfaces, and cytological alterations, including pleomorphic nuclei and pathological mitosis. 19 However, mice treated with low and high dose of RTHF displayed milder pathological changes ( Figure 5A-E) .
RTHF inhibits CRC cells proliferation and downregulates the expressions of β-catenin-responsive genes in vivo
In AOM/DSS models, immunostaining of CRC tissue revealed that Lgr5 was expressed in the cytoplasm. Lgr5 expression, which is rarely seen in normal colon tissue, was correlated with tumor heteromorphism. 20 Compared with Hig group, Low group mice expressed higher Lgr5 levels, while the highest level of Lgr5 was observed in Mod and Veh groups ( Figure 5F -J). Similar to Lgr5, Cyclin D1 was also accumulated in the cell nuclei compared with Ctr group.
However, after RTHF treatment, Cyclin D1 expression signifdecreased, especially in Hig group ( Figure 5K-O) . Relative protein expression of Lgr5 and Cyclin D1 were presented in Figure 5P and Figure 5Q . Collectively, RTHF 
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Wu et al downregulated β-catenin activation and modulated Lgr5, c-Myc, and Cyclin D1 expressions in a dose-dependent manner. These data indicate that Wnt/β-catenin signaling is involved in RTHF regulation of CRC.
Discussion
Flavonoids are widely present in plants, and the general structure of flavonoids is a 15-carbon skeleton consisting of two phenyl rings and a heterocyclic ring. It has been demonstrated that a variety of flavonoids can inhibit proliferation and induce apoptosis of tumor cells. 21 Zhong et al 15 reported that RTHF exerted an antiapoptosis and anti-growth activity against lung cancer A549 cells. Furthermore, they explored and found that RTHF exhibited anti-growth and antimetastasis activity in lung cancer A549 cells by regulating the expression of MMPs and tissue inhibitors of metalloproetienases. 22 In this effort, the in situ colon adenocarcinoma cell line HT29 and the peritoneal lymph node metastasis tumor cell line SW620 were cultured with different doses of RTHF. Our results showed that RTHF inhibited multiple malignant biological behaviors of CRC cells in a dose-dependent manner. For the first time, this study found that RTHF can reduce activated β-catenin level in CRC cells, indicating that RTHF may inhibit Wnt pathway activation. Wnt/β-catenin pathway is one of the necessary signaling pathways in regulating cell proliferation, differentiation, migration, adhesion, and selfrenewal. 23, 24 Mutations in Wnt/β-catenin pathway are detected in 90% of CRC cases and correlate with the poor prognosis of CRC. 25, 26 Activated β-catenin serves as a transcription cofactor to activate multiple downstream target genes, such as Lgr5, Cyclin D1, c-Myc, and E-cadherin, which are major genes involved in the malignant progression of CRC. Lgr5 is a marker of cancer stem cells in many malignant diseases. Cancer stem cells, considered to be the origin of tumor self-renewal and differentiation, are essential in tumor progression, development, and chemotherapy resistance. 30, 31 Many studies investigated that overexpression of Lgr5 was positively correlated with CRC initiation and 5-fluorouracilbased chemotherapy resistance. High level of Lgr5 expression also indicated less overall survival and deeper invasion in CRC patients. 24 Interestingly, RTHF suppressed Lgr5 expression, which was negatively correlated with the dephosphorylation of β-catenin, indicating that the self-renewal capacity of tumor cells might be reduced by RTHF.
In the present work, RTHF-cultured tumor cells were arrested in G0/G1 phase in a dose-dependent manner.
Moreover, Cyclin D1 and c-Myc were diminished at both protein and transcriptional levels in CRC cells cultured with RTHF. Cell cycle is driven by the sequential activation of cyclins and cyclin-dependent kinases in all eukaryotic cells. 32, 33 Wnt/β-catenin signaling promotes cell cycle progression by upregulating target genes, such as c-Myc and Cyclin D1. 34, 35 Our data indicated that RTHF might, therefore, regulate mitotic events by means of inhibiting Wnt/β-catenin pathway.
Metastasis is the main cause of death in patients with cancer. Several studies demonstrate that aberrant reactivation of EMT can potently drive tumor metastasis. 36, 37 EMT is a unique process that transforms immotile epithelial cells to motile mesenchymal cells, leading to an augment 
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Wu et al of migration and invasion in malignant diseases. The EMT process is characterized by a decrease of cell-cell contactassociated protein expression, such as E-cadherin and γ-catenin, as well as an increase of mesenchymal marker expression, such as vimentin, N-cadherin, and fibronectin. 38, 39 Wnt/β-catenin pathway is associated with the regulation of EMT. Activated β-catenin protein binds to E-cadherin and modulates the EMT process. 40 We found that RTHF could increase E-cadherin expression and decrease vimentin expression in cultured CRC cells, which meant that RTHF might suppress EMT progression.
Furthermore, we analyzed the effects of RTHF on colitisassociated CRC in mice. Compared with control groups, RTHF-treated mice had substantially higher body weight, 
6445
radix Tetrastigma hemsleyani flavone exhibits antitumor activity fewer colorectal tumors, and lesser tumor volume. Colorectal sections demonstrated that RTHF-treated mice showed minor heteromorphism and invasion depth. Also, target genes of Wnt/β-catenin pathway were evaluated in colorectal tissue. Decrease in the expression of both Lgr5 and Cyclin D1 was found in RTHF-treated mice, suggesting that the RTHF inhibitory effects on CRC growth might be mediated by inactivating Wnt pathway, thereby reducing CRC proliferation in mice.
Conclusion
RTHF inhibits the growth and migration of CRC in vitro and in vivo, suggesting that RTHF is potentially applicable for treating CRC in clinical settings. Wnt/β-catenin pathway participates in cancer generation and development; therefore, inactivation of Wnt/β-catenin pathway by RTHF deserves to be further tested in CRC. 
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